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HYPOTHERMIA 

Cold exposure has been recognized as a cause of death since 
ancient times. In the year 492 bc, the Persians were sailing 
to launch their attack against the Greeks when they encoun¬ 
tered bad weather and lost about 300 ships and 20,000 sol¬ 
diers. Herodotus wrote, "... some were dashed by the rocks, 
and some of them did not know how to swim and perished 
for that cause, others again by reason of cold” 

In order to recognize hypothermia, it must be possible to 
measure a temperature. The first thermometer for clinical 
use was invented in 1612. It was a foot long and required 20 
minutes to register a temperature. The invention of the 
mercury thermometer by Fahrenheit in 1714 made the tool 
more practical. However, it was not until the late nineteenth 
century that the thermometer became a clinical tool. This 
use was established after the invention of a small thermom¬ 
eter that only required 5 minutes to obtain a temperature 
(1866) and after Carl Wunderlich’s publication (1868), 
which presented data on nearly 25,000 patients and ana¬ 
lyzed temperature variation in 32 diseases. In the early 
1900s, temperature was routinely measured and physiologic 


experiments started to appear. By the 1930s to 1940s, thera¬ 
peutic hypothermia for malignancy and anesthesia was 
investigated. By the middle of the twentieth century, acci¬ 
dental hypothermia was established as a disease entity. 1 

This section discusses the epidemiology, definition, 
pathophysiology, clinical diagnosis, clinical manifestations, 
and management of hypothermia. 

EPIDEMIOLOGY 

Accidental hypothermia continues to be a public health 
problem. The Centers for Disease Control and Prevention 
(CDC) reports that between 1979 and 2002, a total of 16,555 
deaths in the United States (average of 689 per year, range 
417-1021) were attributed to excessive natural cold. 2 

Approximately 50% of all hypothermia-related deaths 
occur in persons older than 65. The age-adjusted mortality 
rate is three times higher for men than it is for women. In 
blacks and other races, the mortality rate is higher than that 
of whites. 2,3 Blacks have decreased heat production and 
lower rectal temperatures in response to cold exposure. 4 
Other populations at risk include the elderly, people 
with preexisting chronic medical conditions, and people 
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suffering from alcoholism and drug intoxication. 2 3,5 Emerg¬ 
ing populations include wilderness enthusiasts and winter 
sport participants. 6 

Despite advances in medical care, hypothermia remains 
a challenge to health care providers, with in-hospital mortal¬ 
ity rate reaching 40%/ and an overall mortality rate ranging 
from 17% to 80%. 8 The prompt recognition and appropri¬ 
ate management play a key role in improving outcomes. 

DEFINITION 

Hypothermia is defined as a core body temperature lower 
than 35° C (<95° F). It has been further classified by severity 
according to the degree by which the core temperature has 
decreased from baseline into mild, moderate, and severe. 
Mild hypothermia is defined by a core body temperature of 
32° to 35° C (90-95° F). Moderate hypothermia reflects a 
core body temperature of 28° to 32° C (82-90° F). Severe 
hypothermia is a core body temperature of less than 28° C 
(less than 82° F). Some reports refer to severe hypothermia 
below 30° C. In trauma patients, hypothermia carries a 
poorer prognosis. In this case, the definition is even more 
conservative, with severe hypothermia starting below 32° C. 
This subclassification has important implications regarding 
the anticipated physiologic changes and subsequently the 
use of appropriate therapeutic modalities. 9,10 

HEAT REGULATION 

Body temperature is regulated through a balance between 
heat production and heat dissipation. 11 Heat production 
occurs mostly from the metabolic activity of energy¬ 
consuming processes within the viscera, namely, the heart, 
liver, and brain. Heat production in these organs is esti¬ 
mated to be between 40 and 60 kcal/m 2 /hour. Normally 
heat production is increased by food intake and muscle 
activity. Different stresses such as fever, infection, and cold 
exposure also increase heat production. 

Heat loss occurs through different forms. Radiation 
cooling (infrared emissions) accounts for approximately 
60% of heat loss. It occurs primarily from the head and 
unisolated parts of the body. Conduction (direct transfer of 
heat to an adjacent cooler object) and convection (direct 
transfer of heat to convective air currents) account for 
around 10% to 15% of heat loss. Evaporation from the skin 
and respiratory tract accounts for 25% to 30%. Conduction 
is an important mechanism in immersion accidents because 
thermal conduction of water is 30 times that of air. Convec¬ 
tion is important in windy conditions by removing the warm 
isolating layer of air around the body. 6,10,11 

Upon cold exposure, the hypothalamus initiates mecha¬ 
nisms for heat conservation and heat production. Heat 
conservation is achieved by peripheral vasoconstriction, 
reducing heat conduction to the skin, and behavioral 
responses such as wearing more clothes and seeking a 
warmer environment. Heat production is achieved through 
stimulation of muscular activity via shivering, which can 
increase the basal metabolic rate by two to five times. A 
nonshivering thermogenesis occurs via increased levels of 
catecholamines and thyroxine. 12 

This coordinated physiologic response occurs typically 
for temperatures between 32° and 35° C. It only lasts for few 


hours, after which muscle fatigue and glycogen depletion 
ensue. As the core temperature drops below 32° C (90° F), 
shivering thermogenesis abates, and nonshivering thermo¬ 
genesis slows down. By temperatures below 20° to 24° C, the 
different mechanisms of heat production completely fail. 

CLINICAL PRESENTATION 

ETIOLOGIC FACTORS (FIG. 69.1) 

Factors that predispose to hypothermia are related to 
impaired thermoregulation, increased heat loss, and de¬ 
creased heat production. A combination of these factors is 
often noted in a hypothermic patient. 

1. Impaired thermoregulation is of critical importance in the 
elderly, mentally ill, and patients with chronic medical 
conditions such as Parkinson’s disease, stroke, multiple 
sclerosis, and diabetes mellitus. Such populations are 
often on multiple medications including anxiolytics, anti¬ 
depressants, phenothiazines, barbiturates, opioids, anti- 
psychotics, oral antihyperglycemics, beta blockers, and 
alpha blockers. These drugs can cause further impair¬ 
ment in thermoregulation. 14 In addition, the elderly and 
chronically ill may suffer from maladaptive behavior 
(decreased mobility, and inability to communicate effec¬ 
tively), which increases the chance of remaining in an 
environment with prolonged cold exposure. 14 

2. Increased heat loss can be environmental or nonenviron- 
mental. 

a. Hypothermia commonly occurs during winter weather 
and in cold climates. People with inadequate insula¬ 
tion and continued cold exposure are especially 
at risk. 

b. Patients with dermatologic dysfunction such as burns, 
psoriasis, and exfoliative dermatitis can have increased 
heat loss. 

c. Large amounts of unheated intravenous fluid resusci¬ 
tation, whether crystalloids or blood, coupled with 
unheated humidified oxygen, predispose hospital and 
trauma patients to greater heat loss. 

d. Conditions that cause vasodilation should be high¬ 
lighted in this category and include alcohol, anesthe¬ 
sia, and toxins released in disease entities such 
as sepsis. 

3. Decreased heat production is noted in some specific types of 
disorders: 

a. Endocrine dysfunction such as hypopituitarism, hypo¬ 
thyroidism, hypoadrenalism, and hypoglycemia. 

b. Malnutrition and starvation, which cause decreased 
insulative subcutaneous fat and are often associated 
with hypoglycemia. 

c. Conditions that alter the level of consciousness, 
causing decreased shivering mechanism. Drugs such 
as phenothiazines and tricyclic antidepressants as well 
as alcohol can induce impairment of shivering. 6 

DIAGNOSIS 

Diagnosis should be performed using a thermometer probe 
capable of measuring temperatures as low as 25° C (77° F). 
This instrument could be a rectal, esophageal, or bladder 
probe. It should be noted that standard clinical thermom¬ 
eters do not register below 34.4°C (94.4°F). 15 Combined 
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Figure 69.1 Diseases and factors associated with hypothermia. 


methods for temperature monitoring may allow better 
detection of further changes. 

END-ORGAN MANIFESTATIONS (FIG. 69.2) 

Although hypothermia is divided into three stages, it is 
important to note that the physiologic changes follow a 
continuum. The initial mechanisms mimic intense sympa¬ 
thetic stimulation, which fades as body temperature 
drops. Almost every organ in the body is affected by 
hypothermia. 16 

Cerebral Effects 

Hypothermia is associated with progressive decrease in neu¬ 
ronal metabolism between 35° C and 25° C. This protective 
effect of hypothermia allows better tolerance to periods of 
cardiocirculatory collapse in contrast with the normother- 
mic state. 6,1; 18 Neurologic symptoms starts with mild hypo¬ 
thermia. Between 34° and 35° C, loss of fine motor skills, lack 


of coordination, dysarthria, and amnesia take place. Ataxia 
and apathy are noted around 33°C. 19 Below 32° C, progres¬ 
sive decrease in level of consciousness and pupillary dilation 
develops. Cerebrovascular autoregulation is lost below 
25° C. Deep tendon reflexes diminish and flaccid muscular 
tone takes place below 27° C. By 23° C, corneal and oculoce- 
phalic reflexes are absent. The electroencephalogram 
(EEG) pattern flattens at 19° to 20° C. The lowest tempera¬ 
ture reported for an adult survival with hypothermia is 
13.7° C. 6,15,20 Therefore, one has to be very careful in assess¬ 
ing brain death when a patient remains hypothermic. 8 

Cardiovascular Effects 

The initial response (34-36° C) includes increased heart 
rate, blood pressure, and carbon dioxide secondary to ele¬ 
vated catecholamine production and peripheral vasocon¬ 
striction. 6 This is associated with marked increase in oxygen 
consumption. A core temperature decrease of as little as 
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Figure 69.2 Hypothermia: clinical presentation and treatment approach. 


0.3° C is associated with a 7% increase in oxygen consump¬ 
tion. The increase in oxygen requirement results in anaero¬ 
bic metabolism, acidosis, and significant cardiopulmonary 
stress, further worsening the abnormal physiology of hypo¬ 
thermia. 16 Below 34° C, progressive bradycardia and decrease 
in cardiac output and blood pressure take place. Below 
28° C, 50% of patients show bradycardia with a 50% decrease 
in heart rate. Bradycardia is chiefly related to progressive 
decreased spontaneous depolarization of pacemaker cells. 
The conduction system is also affected, with prolongation 
initially noted in the PR interval, then QRS complex, then 
QT intervals. 21 Atropine is ineffective. The myocardium 
becomes irritable. As temperature falls lower than 32° C, 
atrial fibrillation is common, usually preceding ventricular 
fibrillation that may occur spontaneously when temperature 
falls below 28° C (82° F). Asystole usually occurs at tempera¬ 
tures less than 25° C. 22 

Respiratory Changes 

Early in hypothermia (34-36° C) the respiratory drive is 
stimulated. The minute ventilation increases in response to 
increased oxygen consumption and C0 2 production. Below 
33° C, respiratory depression takes place. Minute ventilation 
decreases. Depressed cough reflex and ciliary action coupled 
with increased production of mucus (bronchorrhea) 
increase the risk of atelectasis and aspiration. Noncardio- 
genic pulmonary edema has also been reported. 23,24 


Renal Changes 

The initial response to hypothermia includes increased 
renal blood flow secondary to an increase in blood pressure 
and cardiac output, inducing diuresis. As hypothermia pro¬ 
gresses below 32° C and cardiac output declines, renal blood 
flow and glomerular filtration rate decrease. This response 
sets the stage for acute renal failure but without affecting 
urinary output secondary to impaired renal tubular sodium 
reabsorption, a condition that maintains ongoing diuresis 
(cold diuresis). This response explains why hypothermia 
patients may present with profound intravascular volume 
depletion. 6,16,25 

Gastrointestinal Changes 

Ileus, bowel wall edema, depressed hepatic detoxification, 
punctate gastric erosions, and rarely hemorrhagic pancre¬ 
atitis are among the gastrointestinal manifestations of 
hypothermia. 16 

LABORATORY EVALUATION 

Laboratory evaluations should be obtained to assess meta¬ 
bolic status and organ dysfunction. The following are 
common laboratory findings during hypothermia. They 
usually change with rewarming and require frequent 
monitoring. 
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ARTERIAL BLOOD GASES 

As temperature decreases, the oxyhemoglobin dissociation 
curve shifts to the left. For every 1°C drop in temperature, 
pH increases by 0.015, Pao 2 decreases by 7.2%, and Paco 2 
decreases by 4.4%. Because all arterial blood gas (ABG) 
samples are warmed to 37° C (98.6° F) when measured, the 
pH appears lower and the Pao 2 and Paco 2 appear higher 
than the patient’s actual values. Most knowledge on acid- 
base status during hypothermia comes from cardiovascular 
surgery reports. Although most literature does not recom¬ 
mend correction of temperature to guide therapy, the use 
of corrected values should be strictly individualized. 26 28 

COMPLETE BLOOD COUNT 

Hemoconcentration, an increase in hematocrit secondary 
to a decrease in plasma volume, is common (2% for each 
1°C decrease in temperature). An initial low hemoglobin 
suggests acute hemorrhage or preexisting anemia. White 
blood cells (WBCs) may decrease; therefore, any history 
suggestive of infection should prompt treatment with anti¬ 
biotics in high-risk groups such as the elderly, neonates, and 
the immunocompromised. 29 

COAGULATION FACTORS 

Hypothermia induces inhibition of coagulation factors. It 
also induces thrombocytopenia secondary to bone marrow 
suppression and splenic and hepatic sequestration, as well 
as reduction in platelet adhesions and aggregation. Pro¬ 
longed bleeding time and clotting times are common. Coag¬ 
ulation tests in the laboratory are performed under 37° C. 
If normal, they may not negate the presence of underlying 
hypothermia-induced coagulopathy. The key treatment in 
this condition is rewarming, not supplementation of coagu¬ 
lation factors. 30,31 Rewarming, however, increases the clot¬ 
ting response. Clinicians should use caution during this 
process, as patients are more susceptible to negative cardio¬ 
vascular events. 4 

BLOOD UREA NITROGEN/CREATININE/ 

ELECTROLYTES 

As mentioned earlier, acute renal failure with intravascular 
volume depletion and decreased renal perfusion is encoun¬ 
tered. This is usually associated with higher levels of blood 
urea nitrogen (BUN) and creatinine (Cr) secondary to 
decreased clearance. Recurrent evaluation of electrolytes is 
essential during rewarming because no consistent pattern is 
present. Either hypo- or hyperkalemia may complicate the 
course of hypothermia and should be corrected promptly. 
Hypothermia masks the usual electrocardiogram (ECG) 
changes seen in normal hyperkalemia. 6 816 

BLOOD GLUCOSE 

Hyperglycemia is initially noted as hypothermia inhibits 
insulin release and insulin uptake by membrane receptors 
at temperatures less than 30° C. It is further exacerbated by 
increased catecholamines. Insulin at these temperatures is 
ineffective. Exogenous insulin should be avoided, as it may 
cause rebound hypoglycemia during rewarming. 32 

OTHER LABORATORY ABNORMALITIES 

Hyperamylasemia is common and may be related to a 
preexisting pancreatitis or pancreatitis induced by 


hypothermia. Hyperamylasemia correlates with the severity 
of hypothermia. Variable elevation in creatine phosphoki- 
nase levels may reflect underlying rhabdomyolysis. 

ELECTROCARDIOGRAPHY CHANGES 

All intervals—PR, QRS, and QT—are prolonged second¬ 
ary to hypothermia-induced slowed impulse conduction 
through potassium channels. When body temperature 
decreases below 33° C (91.4° F), thej (Osborn) wave maybe 
noted as a positive deflection in the left ventricular leads at 
the junction of the QRS complex and ST segment in 25% 
to 30% of patients. The presence of this wave is not pathog¬ 
nomonic and has no prognostic implication. The magni¬ 
tude of the Osborn wave is associated with the degree of 
severity of hypothermia. 12 21 

MANAGEMENT (SEE FIG. 69.2) 

The severity of hypothermia, clinical findings, and comor- 
bid conditions of the patient are important factors for deter¬ 
mining the aggressiveness of resuscitation techniques. Once 
hypothermia is confirmed, assessment and treatment of the 
critically ill patient should take place simultaneously. Some 
patients with hypothermia and cardiac arrest achieved an 
almost complete recovery despite prolonged resuscitation 
with a temperature as low as 13.7° C. Patients with moderate 
or severe hypothermia should be resuscitated until ade¬ 
quate rewarming is achieved before declaring efforts as 
unsuccessful. 33 ' 35 

INITIAL STABILIZATION 

Removal of wet clothing and moving the patient to a warm 
environment for protection against continued heat loss are 
essential. Rough movements of the patient’s body during 
physical assessment should be avoided as it could precipitate 
serious cardiac arrhythmias. Continuous monitoring of 
cardiac status and core temperature should be established 
without delay. Similar to any emergency situation, airway, 
breathing, and circulation should be evaluated promptly in 
the hypothermic patient. 

AIRWAY/BREATHING SUPPORT 

Chest rigidity and decreased diaphragmatic movement 
impede adequate ventilation. Oxygenation may be insuffi¬ 
cient secondary to underlying aspiration or pulmonary 
edema. Supplemental oxygen should be provided to alert 
patients with intact airway reflexes pending full assessment 
of oxygenation status. Hypothermic patients with apnea, 
deteriorating mental status, or loss of protective reflexes 
should undergo endotracheal intubation. The oropharyn¬ 
geal route is preferred. Jaw maneuvering could be difficult 
in this category of patients secondary to muscle rigidity. 
Neuromuscular blocking agents do not have a role as they 
are ineffective at temperatures below 30° C. Intubation with 
a smaller endotracheal tube may be attempted. Intubation 
is unlikely to induce dysrhythmias in hypothermic patients. 8 

CARDIOCIRCULATORY SUPPORT 

Volume Resuscitation 

Most patients with moderate to severe hypothermia 
suffer from volume depletion. Continuous warmed intrave¬ 
nous fluids (40-42° C) should be administered. Peripheral 
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large-gauge catheters are the preferred route of administra¬ 
tion. The femoral vein is the preferred site if a central line 
is anticipated. Volume status should be monitored continu¬ 
ously during rewarming, as peripheral vasodilation and 
hypotension are likely to occur. 36 

Cardiac Resuscitation 

Patients with moderate to severe hypothermia should 
undergo a thorough evaluation, looking for signs of cardiac 
output or peripheral blood flow. Echocardiography and 
Doppler ultrasound can be utilized for this purpose. Cardio¬ 
pulmonary resuscitation should be performed immediately 
if no pulse or a nonperfusing rhythm (ventricular fibrilla¬ 
tion or asystole) is established. 19 

Defibrillation. The hypothermic heart may be unresponsive 
to cardioactive drugs, attempted electric pacing, and defi¬ 
brillation. Most arrhythmias other than ventricular fibrilla¬ 
tion tend to convert spontaneously with rewarming. Sinus 
bradycardia does not require pacing or pharmacologic 
intervention. Ventricular fibrillation or tachycardia without 
a pulse requires initial defibrillation with maximum energy. 
If unsuccessful, rewarming is initiated. Defibrillation is reat¬ 
tempted after every 1° to 2°C increase in core temperature 
or when temperature rises above 30° to 32° C. 37-39 

Cardioactive Drugs. The antiarrhythmic and vasoactive 
drug efficacy in moderate to severe hypothermia is not well 
determined. It is mainly based on animal studies. Epineph¬ 
rine and vasopressin may increase coronary perfusion but 
not survival. According to the American Heart Association 
2010 guidelines, it may be reasonable to consider adminis¬ 
tration of a vasopressor during cardiac arrest according to 
the standard ACLS (advanced cardiac life support) algo¬ 
rithm concurrent with rewarming strategies. Isolated use of 
antiarrhythmics does not appear to be beneficial. In general, 
these drugs are withheld until rewarming achieves a tem¬ 
perature above 30° C, and then the lowest effective dose 
should be administered. Caution should be exercised not 
to administer these drugs repeatedly, as toxic accumulation 
can occur secondary to decreased metabolism. As normo- 
thermia is approached (above 35° C), standard drug proto¬ 
cols are used. 37 ' 39 

ADDITIONAL SUPPORT 

A nasogastric or orogastric tube should be placed in 
patients with moderate to severe hypothermia to relieve 
gastric distention. This tube also might help reduce vomit¬ 
ing and aspiration secondary to gastric dysmotility. A 
urinary catheter is also essential to monitor urine output 
and assess volume resuscitation efforts. Intra-arterial cathe¬ 
ters for pressure monitoring should be used selectively. 
A Doppler ultrasound device may be necessary. Pulse oxim¬ 
etry is unlikely to be accurate given the poor perfusion to 
the extremities. 

REWARMING METHODS 

There are several methods of rewarming. Selection depends 
on the severity of hypothermia and the clinical condition of 
the patient. Controlled clinical studies and interventional 
studies are limited, and evidence-based protocols are 
lacking. Absence of a developed protocol led to the use of 
a wide variety of treatment strategies, depending on the 


expertise and previous exposure of the clinical teams and 
hospital resources. 40 

Passive External Rewarming 

Passive external rewarming is the method of choice for 
hemodynamically stable patients with mild hypothermia 
(above 32° C), adequate physiologic reserve, and intact 
mechanism of shivering. Treatment includes placement of 
patients in a warm environment, removal of wet clothing, 
and application of insulating materials, such as blankets, to 
prevent heat loss. This method is expected to raise core 
temperature by 0.5° to 2.0° C per hour. 6 If unsuccessful, 
active rewarming is initiated. 

Active Rewarming 

Active External Rewarming. Active external rewarming 
(AER) is applied to patients with a core temperature 
between 86° and 92° F (30-34° C) without potential compro¬ 
mise of airway or hemodynamic status. It involves one or a 
combination of techniques, including warming blankets, 
heating pads, radiant energy, and forced heated air systems. 
Few complications (such as thermal injuries in the form of 
skin burns) have been reported using these methods. “After 
drop” is a phenomenon that was reported as a complication 
of AER. When the extremities and the trunk are warmed 
simultaneously, cold acidemic blood returns to the central 
circulation from the periphery secondary to vasodilation, 
causing a paradoxical decrease in core temperature. This 
drop worsens acidemia, precipitating hypotension and 
arrhythmias that can be fatal. Therefore, it is advised 
to apply rewarming strategies to the trunk before the 

. . 41 49 

extremities. 

Estimated rates of rewarming using this method ranges 
from 0.8° C with heating blankets up to 2.5° C per hour with 
the forced air rewarming systems. This forced air system is 
the most widely used by clinicians because it is easy and 
effective. 41,42 

Active Internal Rewarming. Active internal rewarming 
(AIR) is used for patients with moderate to severe hypother¬ 
mia (under 86° F or 30° C) with adequate hemodynamics, 
in conjunction with AER. 43 Methods include administration 
of warmed intravenous fluids (40-42° C) and warmed 
humidified air (40-45° C) through a mask or endotracheal 
tube. Intravenous fluids alone are not adequate but prevent 
further heat loss. It is estimated that an average 1 L crystal¬ 
loid (40-42° C) for a 70-kg person will increase the tempera¬ 
ture by 0.3°. Rewarming by heated oxygen by endotracheal 
tube is more effective than a facemask. A total rate of 1 ° to 
2.5° C per hour is anticipated by this method. 15 43 44 Gastric 
bladder and colonic irrigation are of limited value second¬ 
ary to their small surface area. 

Peritoneal and Pleural Lavage 

If rewarming is inadequate, more aggressive methods 
include peritoneal and pleural lavage. In pleural irrigation, 
two large-bore (36F or greater) thoracotomy tubes are used. 
One tube is placed at the midclavicular line and is con¬ 
nected to saline at 42° C (107.2° F). The other tube is placed 
at the posterior axillary line and is connected to a chest tube 
drainage. 45 

Peritoneal lavage and dialysis are achieved by placement 
of a peritoneal catheter (8F) into the peritoneum and 
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infusing 10 to 20 mL/kg of warmed 42° C isotonic fluid. The 
fluid is kept in the peritoneal cavity before it is removed. 15 

Extracorporeal Methods of Rewarming 

This approach is the most effective method in raising core 
body temperature. 

Hemodialysis. Hemodialysis is appropriate for patients with 
severe hypothermia and accompanying hyperkalemia and 
renal failure. The benefit is that hemodialysis is widely avail¬ 
able and practical. It is portable and efficient. The rewarm¬ 
ing rate ranges between 2° and 4° C per hour, but it requires 
the absence of circulatory collapse. 46 

Continuous Arteriovenous Rewarming. Continuous arterio¬ 
venous rewarming (CAVR) has the ability to maintain circu¬ 
lation, correct hypoxia, and replenish intravascular volume 
without the need for systemic anticoagulation. The rate of 
rewarming ranges between 3° and 4° C per hour and requires 
a systolic blood pressure of at least 60 mm Hg to be 
performed. 

Continuous Venovenous Hemofiltration. Continuous veno- 
venous hemofiltration (CWH) has also been reported to 
achieve successful rewarming. It is widely available, can be 
performed with lower blood pressure, but provides slow 
rewarming rates (1-3°C per hour). It does not provide full 
circulatory support, and volume resuscitation is necessary 
when cardiac output is inadequate. Chest compressions and 
ventilation must be continued until the return of spontane¬ 
ous circulation. However, it may prove to be an alternative 
to CAVR when limited by profound hypotension. 

Cardiopulmonary Bypass. Cardiopulmonary bypass (CPB) 
is the standard of care for patients with severe hypothermia, 
apnea, and cardiac arrest or hemodynamic instability. It 
provides rapid rewarming rates (8-12° C per hour) while 
maintaining oxygenation, circulation, and rapid correction 
of metabolic derangements. However, the need for CPB 
in hypothermic trauma patients may be limited secondary 
to the need for systemic anticoagulation. In addition, 
the expert teams required for CPB make the implementa¬ 
tion somewhat challenging. 6,15,38 Portable CPB systems are 
available. 

Extracorporeal Membrane Oxygenation. There is a grow¬ 
ing body of evidence that extracorporeal membrane oxy¬ 
genation (ECMO) could be more preferable to CPB. It 
has the same rate of rewarming (8-12°C per hour). 38 
In patients undergoing rewarming, ECMO may reduce 
the risk of multiorgan failure secondary to reperfusion. 
It can be continued for several days and needs less 
anticoagulation. 

Endovascular Temperature Control Device. Endovascular 
temperature control device has been reported in recent 
years as another tool for rewarming in patients with severe 
hypothermia. It is generally placed in the emergency depart¬ 
ment in cool comatose survivors of cardiac arrest. It can also 
be used to warm patients with accidental hypothermia. 
Because the same device is used in both sets of patients, the 
operation of the equipment is familiar to both the 


emergency department and ICU staff. The only procedure 
required to place this device is a central venous catheter, 
which is less invasive than CPB or pleural lavage. 

PROGNOSIS 

Different reports on the outcome of moderate to severe 
hypothermic patients have been variable. Multiple con¬ 
founding factors exist that make it difficult to predict 
survival. Older age, lower core body temperature, indoor 
exposure, submersion, trauma, toxin ingestion, prehospital 
hemodynamic status, BUN and potassium levels, the need 
for intubation, and presence or absence of asphyxiation are 
significant predictors of outcome. For patients undergoing 
CPB for hypothermia and hemodynamic instability, favor¬ 
able factors for survival are associated with younger age, 
higher arterial pH, lower Paco 2 , lower serum potassium 
levels, and the absence of asphyxia and suffocation. 18 Many 
patients die even after achieving adequate rewarming sec¬ 
ondary to multiorgan failure. Knowing its detrimental 
outcome, an important approach should pursue preven¬ 
tion. In general, hypothermia is a preventable condition. 
Public health education and preparedness should be 
directed toward populations at risk. 

HYPERTHERMI/^ 

HISTORY AND INCIDENCE 

Innumerable military campaigns throughout history were 
lost as a result of heat illness, long before the enemy ever 
raised a weapon. In modern times, the Israeli Six-Day War 
during the late 1960s provides the best example of the 
ravages of heat illness. The Israeli army had forced water 
consumption policies, by the clock, including strict disci¬ 
plinary measures for evidence of heat injury due to negli¬ 
gence. By contrast, the Egyptian army did not have 
well-enforced policies. In the end, the Israeli army’s heat 
injury statistics were negligible, but more than 50% of the 
Egyptian soldiers in the same locale suffered from heat ill¬ 
nesses that rendered them unable to effectively perform 
their expected tasks. 

Heatstroke and hyperthermia have been identified as the 
environmental diseases least frequently monitored by epide¬ 
miology systems in the United States. Serious heat illness 
has received considerable recent attention owing to cata¬ 
strophic heat waves in the United States and Europe, the 
deaths of high-profile athletes, and military deployments. 
The exact incidence of heatstroke in the United States is 
unknown. The CDC reported that between the years 1987 
and 1988, 1092 death certificates listed excessive heat as 
either a primary or a secondary cause. It is suspected that 
a number of other heat-related severe illnesses and deaths 
occur each year that are attributed to other causes. Guide¬ 
lines from the National Association of Medical Examiners 
suggest that in cases in which the measured antemortem 
body temperature at the time of collapse was 105° F (40.6° C) 
or higher, the cause of death should be certified as heat¬ 
stroke or hyperthermia. Deaths also may be certified as 
heatstroke or hyperthermia with lower body temperatures 
when cooling has been attempted before arrival at the 
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hospital or when the clinical history includes mental status 
changes and elevated liver and muscle enzymes. 48 

PATHOGENESIS 

Heatstroke is a complex syndrome of end-organ dysfunction 
initiated by hyperthermia that occurs when heat accumula¬ 
tion in the body overwhelms heat-dissipating mechanisms. 
The diagnosis of heatstroke should be considered in patients 
with core body temperatures greater than 41 °C, or in 
patients with a core temperature of 40.6° C and concomitant 
mental status changes. Because anhidrosis is a late finding 
and sweating may be observed in severely hyperthermic 
patients, diaphoresis should not be considered a discrimina¬ 
tory finding. Heatstroke traditionally is subdivided into 
exertional and nonexertional causes. Box 69.1 outlines 
examples of diseases and conditions within each of these 
categories. To understand the pathogenesis of heatstroke, 
the systemic and cellular responses to heat stress must be 
appreciated. These responses include thermoregulation 
(with acclimatization), an acute-phase response, and a 
response that involves the production of heat shock 
proteins. 

THERMOREGULATION 

At basal metabolic levels, less than 100 kcal of metabolic 
heat is generated per hour. However, when physical activity 
increases, heat production may rise as high as 900 kcal/ 
hour. This level of heat production is capable of raising the 
core body temperature by 1° C every 5 to 8 minutes. Heat is 
dissipated via evaporation, conduction or radiation, and 
convectional losses. Cutaneous vasodilation results in heat 
loss through all of these physical mechanisms except evapo¬ 
ration. Unfortunately, when the ambient temperature 
exceeds body temperature, only evaporative losses associ¬ 
ated with perspiration actually dissipate heat. Perspiration 
can produce a maximum rate of heat loss of approximately 
400 to 650 kcal/hour in acclimatized persons. When heat 
production exceeds this threshold, body temperature 
quickly begins to rise. 



ACCLIMATIZATION 

Acclimatization is a physiologic term that collectively 
describes various adaptive responses to repeated heat stress. 
Many of these responses are directed at conserving plasma 
volume. They include decreased total sweat sodium concen¬ 
tration and nonreflexively increased aldosterone secretion. 
In addition, acclimatized people tend to drink greater 
volumes of water and have measurable increases in extracel¬ 
lular fluid volume beyond that of nonacclimatized persons. 
Ultimately, maximum cardiac output and stroke volume 
increase, while maximum heart rate and O s consumption 
decrease (improved efficiency per unit of metabolic work 
expended) . 49 Similarly, the net amount of heat generated 
per unit of work expended also decreases. 

ACUTE-PHASE RESPONSE 

The acute-phase response, involving endothelial cells, leu¬ 
kocytes, and epithelial cells, protects body tissues from heat- 
induced tissue injury. A variety of immunomodulatory and 
inflammatory cytokines are released in response to increased 
endogenous or environmental heat, including interleukin 
6 (IL-6), tumor necrosis factor-a (TNF-a), IL-10, IL-12, and 
interferon. 

HEAT SHOCK RESPONSE 

Cells respond to heat by production of inducible heat shock 
proteins that help induce a state of tolerance to heat stress. 
These proteins function as molecular chaperones that bind 
to partially folded or misfolded proteins and thereby prevent 
their irreversible denaturation. Heat shock proteins also 
may help regulate the baroreceptor reflex response during 
heat stress, abating hypotension and bradycardia. 

PREDISPOSING FACTORS 

The epidemiology of heatstroke parallels that of hypo¬ 
thermia—nonexertional heatstroke is seen in elderly, alco¬ 
holic, or otherwise debilitated patients in urban areas. 
By contrast, exertional heatstroke develops in otherwise 
healthy people who overexert themselves in exceedingly hot 
or humid conditions. Like hypothermia, heatstroke most 
often develops in patients with impaired thermoregulation. 
Antidopaminergic drugs, alcohol, and primary central 
nervous system (CNS) disorders are common denominators 
in many patients. 49 A number of environmental and socio¬ 
economic conditions have been associated in recent years 
with heatstroke. 50 51 A lack of air conditioning and a lack of 
trees or shrubbery around homes are commonly observed 
in patients presenting with heatstroke. People who are 
apartment bound, particularly those on higher floors, also 
appear to be at higher risk during summer heat waves. 
Finally, elderly patients not only have diminished tempera¬ 
ture perception but also do not produce the same volume 
of sweat, placing them at higher risk for the development 
of heatstroke. 

Many drugs, “recreational” and prescription, are associ¬ 
ated with an increased risk of hyperthermia and deserve 
further emphasis. Cocaine causes generalized sympathetic 
activation and loss of response to environmental cues. It is 
rapidly becoming a leading cause of heatstroke in many 
urban emergency departments. Beta blockers, on the other 
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hand, have been implicated in heatstroke through a drug- 
mediated direct decrease in sweat gland production. Diuret¬ 
ics decrease baseline circulating plasma volume, leading to 
decreased sweat production. Hypokalemia decreases sweat 
gland output as well, and barbiturates can even cause sweat 
gland necrosis. When a heat wave arrives in an urban area, 
any one or several of the foregoing factors combined can 
lead to outbreaks of heat injury. 

PRESENTATION AND CLINICAL MANIFESTATIONS 

Nonexertional heatstroke may manifest insidiously. 52 An 
urban setting and the recognized presence of a heat wave 
may be the best available diagnostic clues. Some form of 
CNS dysfunction is nearly universal in patients with nonex¬ 
ertional heatstroke. The spectrum of dysfunction ranges 
from increased irritability and confusion to stupor and 
coma. Hyperpyrexia often is the most specific physical 
finding. In many cases, the presentation of an elderly patient 
with an altered mental status, irritability, and a high fever 
suggests sepsis. However, epidemiologic associations, con¬ 
current debilitating disease, and the impact of medications 
that limit thermoregulation should be considered before 
limiting therapy to empiric antibiotics and antipyretic 
medications. 

Exertional heatstroke typically occurs more suddenly and 
with a more self-evident clinical history. 53 Severe dehydra¬ 
tion, anhidrosis, and extreme hyperpyrexia are common in 
external heatstroke. Affected persons appear hyperdynamic, 
with tachycardia, increased cardiac output, and peripheral 
arterial vasodilation. CNS dysfunction is somewhat less 
common in this patient subset. Initially, thermoregulation 
is intact in patients with exertional hyperthermia. At high 
core body temperatures, however, metabolic activity over¬ 
whelms normal heat dissipation mechanisms, and clear-cut 
disruption of normal thermoregulation may then appear. 
Hyperthermia is further accelerated by the loss of effective 
sweating for evaporative heat dissipation. Myocardial dys¬ 
function with depression of left ventricular ejection fraction 
also has been described after heatstroke, which resolves with 
treatment. 

In addition to alterations of consciousness, hallucina¬ 
tions, focal neurologic deficits, various cranial nerve abnor¬ 
malities, and opisthotonos are well described. Seizures 
occur in greater than half of these patients and may be 
related strictly to core body temperature or to concomitant 
disorders of free water-electrolyte balance. Decerebrate pos¬ 
turing also is rarely observed in some patients without other 
known mechanisms of acute brain injury. Many patients may 
suffer residual defects such as dementia, personality changes, 
focal deficits, cerebellar changes, or pyramidal findings. 
Nevertheless, many patients also proceed to complete recov¬ 
ery, suggesting that early findings should not deter acute 
management. 51 

DIAGNOSTIC APPROACH 

In addition to CNS dysfunction, rhabdomyolysis is a fre¬ 
quent feature of exertional hyperthermia. Manifestations 
sometimes include tender, edematous muscles and “cola- 
colored” urine, but the condition more commonly is defined 
by elevation in total creatine kinase (CK), serum aldolase, 


uric acid, or serum potassium (alone or in combination). 
Hyperkalemia in this situation may be life-threatening. 

Acute renal failure occurs in up to one third of patients 
with heatstroke. 55 It is considerably more common in 
patients in whom rhabdomyolysis is a feature (i.e., with myo¬ 
globinuria or urate nephropathy). However, direct heat 
injury and renal hypoperfusion also may contribute. Acute 
tubular necrosis in heatstroke typically manifests with oligu¬ 
ria, non-nephrotic range proteinuria, and abundant granu¬ 
lar cast formation. 

Evidence of hepatocellular injury is present to some 
degree in essentially all patients with heatstroke and is 
attributed principally to a direct toxic effect of hyperther¬ 
mia on hepatocytes. 55 Elevation of serum transaminases is a 
cardinal feature of this toxicity and often is observed within 
30 minutes of syndrome onset. So prevalent is this finding 
that the absence of transaminitis should cast serious doubt 
on the diagnosis of heatstroke. Histologic changes includ¬ 
ing centrilobular necrosis have been observed within 24 
hours of heat injury and evolve over the ensuing days. Trans¬ 
aminase and lactate dehydrogenase levels typically peak on 
the third or fourth hospital day, and depending upon the 
extent of injury, these changes may be accompanied by 
increased alkaline phosphatase levels, hyperbilirubinemia, 
and a prolonged prothrombin time. Overall, fulminant 
hepatic necrosis is rare; however, hepatic insufficiency con¬ 
tributes to late morbidity and death in patients who survive 
the initial resuscitation. Prolongation of coagulation times 
also may be due to disseminated intravascular coagulation 
(DIC). Although DIC also is rare, it is a marker of poor 
prognosis when present. Clinical manifestations of DIC 
range from isolated laboratory abnormalities to generalized 
bleeding. In patients with heatstroke, DIC may exacerbate 
hepatic injury and is associated with the development of 
acute respiratory distress syndrome (ARDS). In fact, the 
codevelopment of DIC and ARDS in patients with heat¬ 
stroke is predictive of a high mortality rate (>75%). Qualita¬ 
tive coagulation function (including platelet function) also 
may be impaired by heat injury. The clinical effects of these 
impairments are variable. 

A range of electrolyte abnormalities related to renal 
failure and dehydration in heatstroke victims has been 
well described and includes hyponatremia, hypocalcemia, 
hypokalemia (hyperkalemia in patients with acute tubular 
necrosis or rhabdomyolysis), hypophosphatemia, and hypo¬ 
magnesemia. Of these, hyponatremia and free water excess 
may produce severe neurologic effects including central 
pontine myelinolysis (CPM). CPM has been reported in 
patients with heatstroke who receive aggressive prehospital 
resuscitation with hypotonic solutions. Serum osmolality 
should be carefully monitored during volume resuscitation, 
and intravenous solutions should be modified accordingly. 
Severe lactic acidosis is especially common in patients with 
exertional heat injury. 58 Finally, arterial blood gas results are 
influenced by temperature in a fashion opposite that 
described with hypothermia (Box 69.2). 

APPROACH TO MANAGEMENT 

Duration of extreme hyperpyrexia is the single most 
important determinant of morbidity and fatality in all 
patients with heatstroke (both exertional and nonexer¬ 
tional) . Therefore, expeditious cooling should be initiated 
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Box 69.2 Temperature Correction 

Factors for Arterial Blood Gas 
(ABG) Specimens* 

ABG Component Correction Factor 

pH+ 0.015 (37-T c ) 

Pa0 2 - 0.072 (37 - T c ) x Pa0 2 
PaC0 2 - 0.044 (37 - T c ) x PaC0 2 

Example 

A patient presents with a core temperature of 32° C with the 
following ABG values: pH = 7.12, PaC0 2 = 52 mm Hg, and 
Pao 2 = 52 mm Hg. Corrections for temperature are as follows: 

pH = 7.12 + [0.015 (37 - 32)] = 7.195 

Pa0 2 = 52 - [0.072 (37 - 32) x 52] = 33.28 mm Hg 

PaC0 2 = 52 - [0.044 (37 - 32) x 52] = 40.56 mm Hg 

These corrections also may be used for hyperthermia. 

*ABG values not corrected for temperature in significantly hypothermic 
patients yield falsely low pH and falsely elevated Paco 2 and Pao 2 
values. 

T c> core temperature. 

simultaneously with other basic and advanced life support 
modalities. Indeed, a review of outcome data for heatstroke 
victims during the Chicago heat wave of 1995 suggested that 
computed tomography imaging of the brain contributed 
little to patient management and simply delayed efforts to 
rapidly cool the patient. 59 General supportive measures and 
specific measures for cooling the patient are discussed next. 

SUPPORTIVE MEASURES 

Intravascular volume restoration must be individualized. In 
general, patients with exertional hypothermia are severely 
hypovolemic. Hemodynamic monitoring has demonstrated 
that patients may manifest two distinct responses to heat¬ 
stroke: (1) a hyperdynamic response with an elevated 
cardiac index (Cl) and depressed systemic vascular resis¬ 
tance (SVR) and (2) a hypodynamic response with depressed 
Cl and elevated SVR. 55 Although the hypodynamic response 
may be more common in older patients with preexisting 
medical problems and classic heatstroke, severe hyperther¬ 
mia can lead to myocardial dysfunction even in young, 
healthy adults without preexisting cardiac disease. Overzeal- 
ous volume resuscitation in this setting can produce signifi¬ 
cant pulmonary congestion. The rapid restoration of an 
adequate perfusion pressure without pressor support is a 
reasonable goal, and if this is achieved, further volume 
resuscitation should proceed at a more measured pace. Pul¬ 
monary artery catheterization is recommended early in the 
clinical course for patients with unclear cardiovascular phys¬ 
iology. Finally, isoproterenol traditionally has been consid¬ 
ered the inotrope of choice for patients with severely 
depressed myocardial performance. Its lack of a-activity 
ensures that heat dissipation is not impeded. Dobutamine 
may be a more rational choice, however, because it has 
considerably fewer myocardial irritant and arrhythmogenic 
properties. 

Seizures are treated according to standard guidelines. 
Benzodiazepines are used for acute, ongoing convulsive 


activity. Dilantin is useful for added control or prophylaxis; 
however, hypotension with rapid intravenous infusion 
should be anticipated. Barbiturates also are effective antisei¬ 
zure drugs but should be reserved as second-line therapeu¬ 
tic agents because of their theoretical impediment to sweat 
formation and heat dissipation. 

Acute renal failure should be approached aggressively in 
patients with rhabdomyolysis. Intravascular volume reple¬ 
tion should be promptly accomplished, with continued infu¬ 
sion of volume to produce forced diuresis. Mannitol or loop 
diuretics may be of value to maintain appropriate urine 
output. Hyperkalemia management may be challenging. 
The clinician should not hesitate to administer glucose, 
insulin, and calcium in patients with ECG changes. Subse¬ 
quent sodium polystyrene sulfonate (Kayexalate) dosing 
may also be required. 

COOLING MEASURES 

Effective heat dissipation depends on the rapid transfer of 
heat from the core to the skin and from the skin to the 
external environment. In persons with hyperthermia, trans¬ 
fer of heat from the core to the skin is facilitated by active 
cutaneous vasodilation. Therapeutic cooling techniques are 
therefore aimed at accelerating the transfer of heat from 
the skin to the environment without compromising the flow 
of blood to the skin, which can be accomplished by increas¬ 
ing the temperature gradient between the skin and the 
environment (for cooling by conduction) or by increasing 
the gradient of water vapor pressure between the skin and 
the environment (for cooling by evaporation), as well as by 
increasing the velocity of air adjacent to the skin (for cooling 
by convection). 

Core body temperature should be rapidly cooled to a goal 
of 38° to 39° C. The most effective approaches to lowering 
the core temperature are immersion and evaporative 
methods. Of these, efficacy data related to ice-water immer¬ 
sion modalities historically have been better defined, with 
observed cooling rates of up to 0.13° C per minute. Similar 
efficacy has been noted with cool-water immersion as well, 
which should be less uncomfortable for both patient and 
staff members. Unfortunately, water immersion is not practi¬ 
cal for many critically ill patients. Monitoring and treatment 
for arrhythmias, seizures, and other sequelae are problem¬ 
atic while the patient is immersed in a tub. 

Evaporative techniques are quite effective and allow the 
ICU patient to be placed on a bed or other supportive 
surface and treated accordingly. The patient is repeatedly 
wetted with tepid water (not alcohol) or sprayed with water 
mist while warm air from a fan is blown across the body 
surface. Evaporative cooling by this method has shown a 
faster cooling rate in a canine model that is as effective as 
aggressive peritoneal lavage cooling, reaching rates as high 
as 0.32° C per minute. 60 An aggressive approach to cooling 
the heatstroke victim, whatever the approach, is most impor¬ 
tant. Other adjuncts to cooling include rectal, intraperito- 
neal, and gastric lavage with iced saline. These techniques 
are effective at rapidly lowering core temperature but are 
cumbersome and generally unnecessary and may lead to 
unwanted iatrogenesis. 

Efforts to cool a patient should be discontinued when the 
core temperature falls to 38° to 39° C. At that point, a con¬ 
tinued fall by 1° or 2° C is expected. Dantrolene sodium has 
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been used in some patients but was found to be ineffective 
in a double-blinded randomized study. 61,62 Chlorpromazine 
may be useful in patients in whom shivering develops during 
active cooling efforts; however, if neuroleptic malignant syn¬ 
drome (NMS) is in the differential diagnosis (and it often 
is), meperidine may be a better option than an antidopami- 
nergic agent in patients with normal renal function. 

SPECIFIC HYPERTHERMIC SYNDROMES 

Malignant hyperthermia (MH) and NMS deserve special 
emphasis because of their potentially catastrophic impact 
on critically ill patients, particularly when they are not 
promptly recognized. MH is associated with use of certain 
anesthetic agents and can lead to profound skeletal muscle 
contraction and the subsequent development of life- 
threatening hyperthermia and other complications. NMS is 
caused by a variety of antipsychotic drugs and also leads to 
sustained muscular contraction and hyperthermia. 


MALIGNANT HYPERTHERMIA 

MH develops in approximately 1 of 15,000 patients who 
undergo surgical procedures requiring general anesthesia. 
The vast majority of cases are associated with either halo- 
thane or succinylcholine use; however, a variety of other 
drugs also have been implicated. Box 69.3 outlines these 
agents by type. Unlike in heatstroke, endogenous heat pro¬ 
duction is solely responsible for the observed hyperpyrexia. 
MH constitutes a true medical emergency because of the 


Box 69.3 Anesthetics Associated with 
the Development of Malignant 
Hyperthermia and Neuroleptic 
Malignant Syndrome 

Malignant Hyperthermia 

Volatile Anesthetics 

Cyclopropane, diethyl ether, enflurane, ethylene, halothane, 
isoflurane, methoxyflurane, sevoflurane 

Muscle Relaxants 

Succinylcholine, decamethonium 

Neuroleptic Malignant Syndrome 

Phenothiazines 

Fluphenazine, chlorpromazine, levomepromazine, thiorida¬ 
zine, trimeprazine, trifluoroperazine, prochlorperazine 

Butyrophenones 

Haloperidol, bromoperidol, droperidol 

Dibenzoxepine 

Loxapine 

Dopamine-Depleting Drugs 

Alpha-methyltyrosine, tetrabenzamine 

Dopaminergic Agent Withdrawal 

Levodopa-carbidopa, amantadine 

_I_____ J 


rapid tempo at which severe sequelae evolve. Better recogni¬ 
tion of this syndrome and modern treatment techniques, 
however, have reduced mortality rates from 70% to approxi¬ 
mately 10% in recent years. 

PATHOGENESIS 

MH results from a rapid, sustained increase in myoplasmic 
Ca 2+ levels in response to halogenated anesthetics and depo¬ 
larizing neuromuscular blocking agents. Susceptibility to 
MH results from mutations in calcium channel proteins that 
mediate excitation-contraction coupling, with the ryano¬ 
dine receptor calcium release channel (RyRl) representing 
the major locus. The mode of inheritance appears to be 
autosomal dominant, with variable penetrance. The phe¬ 
nomenon occurs in persons who have a mutation in the 
ryanodine type 1 receptor, resulting in a defective protein 
in the skeletal muscle sarcoplasmic reticulum membrane. 61 
The uncontrolled rise in the myoplasmic Ca 2+ concentration 
disables the troponin inhibition of actin and myosin, result¬ 
ing in uncontrolled muscle tetany. This surge in muscle 
metabolic activity causes thermogenesis to increase expo¬ 
nentially and is rapidly followed by total body rigidity and 
extreme hyperpyrexia. 

Numerous familial myopathies (such as Evans myopathy, 
King-Denborough syndrome, and central core disease) have 
been associated with the reaction. Curiously, this genetic 
predisposition does not translate into the predictable devel¬ 
opment of MH. That is, an initial challenge with an anes¬ 
thetic drug that leads to MH does not consistently predict 
whether or not MH will occur with future exposures to the 
same drug. Measured contraction in caffeine or halothane 
preparations of muscle biopsy specimens is the most reliable 
predictor of risk for MH. 

PRESENTATION 

MH is characterized by the triad of (1) severe hyperthermia, 
(2) muscle rigidity, and (3) metabolic acidosis. MH usually 
is an acute and rapidly progressive process; however, many 
reports suggest that the syndrome may vary considerably in 
severity and rate of progression. In the anesthesia setting, 
capnography may provide the earliest clue of impending 
MH, as end-tidal C0 2 rises in response to the increased 
metabolic rate. Clinical harbingers of impending MH 
include masseter muscle rigidity or trismus and tachycardia, 
which is reported to occur in greater than 95% of patients. 64 
Cyanosis, increased blood pressure, and increased respira¬ 
tory rate all may be observed with the onset of the reaction 
as the hypermetabolic response is triggered. 

Muscle rigidity may explosively progress from localized 
masseter contraction to diffuse rigidity of skeletal muscle 
groups. When uninterrupted, this process will lead to pro¬ 
gressive, severe hyperthermia. Extreme hyperpyrexia is con¬ 
sidered a late finding in MH. Mortality risk has been related 
to peak core body temperature, reflecting both MH severity 
and delayed recognition. With progressing rigidity, a mixed 
metabolic and respiratory acidosis may occur, along with a 
variety of other electrolyte abnormalities, including hyper¬ 
kalemia, hypercalcemia, and hypermagnesemia. Severe 
chest wall rigidity may even prevent adequate mechanical 
ventilation, leading to life-threatening hypoxemia and 
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hypoventilation. Rhabdomyolysis is reflected in elevated CK 
levels, usually greater than 1500 U/L and often greater than 
10,000 U/L. Myoglobinuria may produce acute tubular 
necrosis with oliguric renal failure and severe DIC. High 
fever may result in myocardial dysfunction, pulmonary 
edema, and cerebral edema. 

DIAGNOSIS 

Susceptibility to MH can be identified unequivocally only by 
an in vitro muscle test. Fascicles of muscle obtained from 
the thigh by biopsy are exposed to halothane and separately 
to increasing concentrations of caffeine in vitro. The muscle 
contractures are increased in persons who are susceptible 
to MH. This test is now widely used to identify susceptibility 
to MH in patients who have had a reaction to inhaled halo- 
genated anesthetics or suxamethonium that is suggestive of 
MH. If the test results in the propositus are positive, testing 
can be offered to first-degree relatives for genetic counsel¬ 
ing. Patients whose biopsied muscle demonstrates a contrac¬ 
ture to 3% halothane of 0.5 g or more and a contracture to 
2 mmol/L caffeine of 0.2 g or more are considered to be 
susceptible to MH. 66 An in vitro contracture test is the gold 
standard for diagnosing susceptibility to MH. Two different 
protocols are used. European laboratories use the protocol 
devised by Ellis in Leeds with incremental doses of halo¬ 
thane up to 2% and incremental doses of caffeine. In the 
United States, a single dose of 3% halothane and incremen¬ 
tal doses of caffeine are used. The two protocols give essen¬ 
tially the same results. 67 

TREATMENT 

By far, the most important measure for MH is the immediate 
cessation of any suspected triggering agents. If anesthesia 
must be maintained, nontriggering agents should be 
used. Agents considered safe in MH include barbiturates, 
narcotics, benzodiazepines, and propofol, to name only a 
few. Nondepolarizing neuromuscular blockers such as 
vecuronium or atracurium, although also considered safe in 
these patients, will do nothing to abort the MH reaction 
because the primary disease resides within the skeletal 
muscle cell itself—beyond the neuromuscular junction. 

In addition to discontinuing offending agents, sodium 
dantrolene should be administered. Sodium dantrolene ini¬ 
tially was tested as an antimicrobial; however, dantrolene 
was found to produce muscle weakness by blocking the Ca 2+ 
efflux from the sarcoplasmic reticulum. The agent is capable 
of reversing the MH reaction by lowering myoplasmic Ca 2+ 
concentrations. The onset of action usually is within 2 to 3 
minutes, with initial responses including muscle relaxation, 
decreasing heart rate, and decreasing core body tempera¬ 
ture. Muscle weakness may follow drug administration, but 
this should never limit proper therapy. After the initial 
response, dantrolene maybe dosed orally for 24 to 48 hours. 
Late recurrences of MH have been reported if inadequate 
dantrolene dosing occurs. Intravenous preparations of dan¬ 
trolene contain significant amounts of mannitol, which 
may produce a subsequent osmotic diuresis. Although this 
reaction may be desirable in patients with rhabdomyolysis, 
volume and electrolyte management should take this effect 
into account. 


Systemic cooling may be best achieved in these complex 
patients with evaporative techniques, cooling blankets, cold 
saline infusion, or ice packs. Because of its similar actions 
on myoplasmic Ca 2+ concentration, procainamide was the 
drug of choice for this syndrome before the advent of dan¬ 
trolene therapy. Cardiac dysrhythmias not responding to 
electrolyte correction may be safely treated with procain¬ 
amide or lidocaine. Numerous reports suggest that intrave¬ 
nous calcium may be safely infused for toxic hyperkalemia. 
Diltiazem and verapamil may interact with dantrolene to 
produce hyperkalemia; therefore, these agents should be 
avoided. Although the effects of MH on cardiac muscle 
remain unclear, some authors advocate that cardiac glyco¬ 
sides also should be avoided because they increase intracel¬ 
lular Ca 2+ concentration. 


NEUROLEPTIC MALIGNANT SYNDROME 

NMS is an idiosyncratic reaction to neuroleptic drugs and 
other antidopaminergic agents. A number of drugs that are 
known to be associated with NMS are listed in Box 69.3. 
NMS is characterized by muscle rigidity and altered mental 
status, followed by autonomic instability and hyperthermia. 
However, temperature elevations generally are less extreme 
than in MH and are not as life-threatening. 

NMS is reported to occur in up to 2% to 3% of all patients 
receiving neuroleptic medications. The reaction typically 
develops within a few days of initiating therapy and almost 
always appears within the first 30 days. Curiously, NMS also 
occurs rarely in some patients after many years on a stable 
dosing regimen. Of importance, NMS also can occur in 
response to the withdrawal of central dopaminergic agonists 
such as bromocriptine or levodopa-carbidopa. 

PATHOPHYSIOLOGY 

Some investigators suspect that the genetic predisposition 
to MH also defines patients at risk for NMS, but most 
work has failed to demonstrate a relationship between NMS 
and altered sarcolemmal membrane calcium permeability. 
Unlike in MH, patients with NMS appear to have both 
increased heat production and impaired central thermo¬ 
regulation, compromising heat dissipation. In these patients, 
a decrease in central dopaminergic tone also results in 
extrapyramidal signs of skeletal muscle rigidity and tremor 
and may account for alterations in mental status due to 
effects in the mesolimbic system and mesocortical path¬ 
ways. 68 Finally, even though altered central thermoregula¬ 
tion may contribute to hyperthermia in NMS, rapid 
resolution of fever after administration of neuromuscular 
relaxing agents or dantrolene suggests that hyperthermia is 
due primarily to increased heat generation by skeletal 
muscle rigidity. 

PRESENTATION 

NMS should be considered when fever, muscular rigidity, 
catatonia, or dystonia occur in the setting of neuroleptic 
drug administration. Recent reviews have suggested the fol¬ 
lowing criteria for the diagnosis of NMS: treatment with 
neuroleptics within 7 days; hyperthermia with core 
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temperatures greater than 38° C; muscle rigidity; exclusion 
of other systemic or drug-related illness; and any five of the 
following: altered mental status, tachycardia, hypertension 
or hypotension, tachypnea or hypoxia, diaphoresis or sialor¬ 
rhea, tremor, incontinence, CK elevation or myoglobinuria, 
leukocytosis, or metabolic acidosis. 

Altered mental status commonly precedes the onset of 
other symptoms and may manifest as confusion or agitation. 
More severe cases may progress to obtundation or coma, 
or may manifest as a mute catatonia that is difficult to 
differentiate from lethal catatonia. Muscle rigidity typically 
involves the neck, shoulders, and limbs but may compro¬ 
mise ventilation if chest wall involvement is severe. Other 
neuromuscular findings are diverse and may include dysar¬ 
thria, dyskinesias, ataxia, or tremors. 

Autonomic findings typically include diaphoresis, hyper¬ 
tension, and tachycardia. However, hypotension may develop 
in some patients. Fever is a late finding and usually occurs 
in the range of 38° to 42° C. When fever exceeds 42° C, it 
may cause end-organ damage like that seen in other hyper¬ 
thermia syndromes. 

Rhabdomyolysis occurs often, though it usually is of a 
milder caliber than that observed in MH or exertional heat¬ 
stroke. Elevations in serum transaminases, BUN, and serum 
Cr often are seen, as well as a leukocytosis. 

TREATMENT 

When NMS is suspected, the offending drug should be dis¬ 
continued immediately and supportive measures initiated. 
Volume resuscitation, physical measures for cooling, and 
monitoring of cardiopulmonary and renal parameters 
should be instituted immediately. Pharmacologic options 
for the treatment of NMS are more numerous than for 
other hyperthermia syndromes, because they may be 
directed toward restoring central dopaminergic tone or 
reducing peripheral rigidity until the neuroleptic effects 
subside. 

Dopamine agonists such as bromocriptine, amantadine, 
and levodopa-carbidopa have been successfully employed in 
NMS. 68,70 These agents act to directly increase central dopa¬ 
minergic tone, thereby antagonizing the various effects of 
neuroleptic dopamine blockade. Regimens include bro¬ 
mocriptine or amantidine for up to 10 days before tapering, 
If a levodopa-carbidopa combination is used, it should be 
dosed four times a day owing to its shorter half-life. Some 
authors advocate avoiding central dopamine agonists if the 
diagnosis is unclear or if psychosis remains in the differen¬ 
tial diagnosis, to avoid acutely exacerbating the psychotic 
state or contributing to a lethal catatonia. 

Sodium dantrolene has been successfully used in numer¬ 
ous small series. The muscle relaxation that occurs helps to 
reduce temperature and decrease the sequelae of pro¬ 
longed rigidity. Neuromuscular blockers also are effective 
at decreasing skeletal muscle tone, and in patients with 
high fever and autonomic instability, these agents offer a 
rapid means of establishing therapeutic effects. Combina¬ 
tions of central dopamine agonists and peripheral-acting 
agents have not as yet demonstrated a significant advantage 
over either treatment alone. Electroconvulsive therapy 
(ECT) has been used in a number of reports, but its advan¬ 
tages over supportive care alone have not been adequately 


assessed. 1 Furthermore, the need for anesthesia presents 
an additional hazard that may complicate management in 
these patients. 

Airway-protective reflexes should be vigilantly assessed 
because dystonia and impaired bulbar functions increase 
the risk of gastric aspiration in patients with NMS. Morbidity 
and mortality risks in these cases often arise from pulmo¬ 
nary complications such as aspiration, pneumonia, ARDS, 
or pulmonary embolism. Cardiac complications such as 
arrhythmias or myocardial infarction in more fulminant 
cases also contribute to fatality in these patients. As in all of 
the hyperthermia syndromes, worsening rhabdomyolysis 
and acute renal failure have been identified as signs of poor 
prognosis. 


RHABDOMYOLYSIS 

Rhabdomyolysis is a pathologic state in which the necrosis 
of muscle cells, through trauma, toxins, medications, or 
other causes, leads to an excess of intracellular solutes in 
the extracellular compartments. Target organ damage can 
range from minimal to severe depending on the degree of 
necrosis; the main consequences are metabolic abnormali¬ 
ties and acute kidney injury (AKI). Our understanding of 
the pathophysiology of rhabdomyolysis has evolved with an 
emphasis on early diagnosis and treatment, often in the 
setting of major catastrophes. The first report in the English 
literature, describing four cases of crush injury in Britain 
during World War II, was recently republished. 1 

EPIDEMIOLOGY 

The incidence of rhabdomyolysis is dependent on the 
population undergoing analysis and the diagnostic criteria 
being used. It is recognized as a major cause of fatality fol¬ 
lowing severe musculoskeletal injury from trauma. 2 Follow¬ 
ing the 1999 Marmara earthquake in northwestern Turkey, 
8.9% of hospitalized patients required renal replacement 
therapy for crush-related injuries/ ’ Recently, a particular 
focus has been the ability of the HMG-CoA reductase 
(3-hydroxy-3-methyl-glutaryl-CoA reductase) inhibitor class 
of medications to cause rhabdomyolysis. Though likely a 
class phenomenon and rare overall, the incidence of rhab¬ 
domyolysis is not equivalent for all medications and is 
increased with the addition of other specific agents, in par¬ 
ticular gemfibrozil, other fibrates, or cyclosporine. 74,75 Addi¬ 
tional causes of rhabdomyolysis are listed in Box 69.4. /b ' 81 A 
recent review noted exogenous toxins, both prescribed and 
illicit, to be responsible for nearly 50% of cases. 82 

Two additional scenarios that have received significant 
attention include “propofol infusion syndrome” and the 
potential for patients with sickle cell trait (SCT) to develop 
rhabdomyolysis. Both of these situations occur in younger 
patients. Propofol is rarely associated with a syndrome of 
metabolic acidosis and rhabdomyolysis. Risk factors include 
high-dose infusions over a prolonged period and a young 
age. 83 ' 86 SCT with subsequent rhabdomyolysis due to exer¬ 
tional sickling is now recognized as a cause for sudden 
deaths in young patients during strenuous workouts, in par¬ 
ticular, football. 87-93 
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Box 69.4 Causes of Rhabdomyolysis* 

Trauma/crush injuries 
Prolonged immobilization 
Electrical injury 
Excessive muscular activity 

Excessive exertion especially in sickle cell trait patients 
Malignant hyperthermia 
Neuroleptic malignant syndrome 
Infections 

Bacterial infections, in particular, those involving organisms 
causing pneumonia, muscle inflammation (pyomyositis), 
or sepsis 

Viral infections including those due to human immunodefi¬ 
ciency virus, influenza virus, coxsackievirus, and Epstein- 
Barr virus 
Medications t 

HMG-CoA reductase inhibitors 
Gemfibrozil 

Paraphenylenediamine (hair dye) 

Phenothiazines 

Theophylline 

Toxins 

Cocaine 

Carbon monoxide 

Amphetamines including A/-benzylpiperazine (BZP)-based 
medications 
Alcohol 

Tricholoma equestre (wild mushrooms) 

Hemlock 
Animal venoms 
Metabolic myopathies 123 
Carnitine palmitoyl transferase deficiency 
Mitochondrial respiratory chain deficiencies 
McArdle disease 
Phosphofructokinase deficiency 

*ln addition to the causes listed here, risk factors include excessive 
heat, hyponatremia, hypophosphatemia, and hypokalemia. 124 ' 127 
Additional medications have been associated with rhabdomy¬ 
olysis. 76 ’ 128 

^Studies cited in this table may be found in the complete list of refer¬ 
ences for this chapter provided online. 

HMG-CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A. 

I J 


The epidemiology of rhabdomyolysis is limited by a lack 
of uniformity regarding the critical value in CK elevation 
needed to make the diagnosis. Threshold values above 
which rhabdomyolysis may occur vary and have ranged from 
1000 to 10,000 U/L, though 5000 to 10,000 U/L are most 
common. 91 From an intensivist’s perspective, CK elevations 
less than 5000 U/L should not be associated with myoglobin- 
induced renal failure unless clear additive causes such as 
volume depletion, sepsis, or radiocontrast are also present. 

PATHOPHYSIOLOGY 

The primary event in rhabdomyolysis is muscle cell necrosis 
resulting in the accumulation of sodium and calcium intra- 
cellularly; disruption of the cell membrane and excessive 
requirements for adenosine triphosphate accelerate this 
insult. 96 As muscle cells undergo necrosis, intracellular 
substances are released and include potassium, uric acid, 


phosphorus, lactic acid, and myoglobin. Under normal cir¬ 
cumstances, haptoglobin binds any free myoglobin, thus 
prohibiting filtration across the glomerulus. As the hapto¬ 
globin binding is overwhelmed, free myoglobin is filtered 
and injures renal tubular cells. This process involves free 
radical toxicity. Additional causes include volume depletion, 
renal vasoconstriction, and tubular obstruction. 76 ’" Myoglo¬ 
bin and urinary tubular-protein casts are more prone to 
precipitation at a lower pH in experimental models. As a 
result, inducing an alkaline diuresis has been a traditional 
part of therapy for cases of rhabdomyolysis. 98 

Research has suggested that it is the reperfusion of ische¬ 
mic muscle as much as the ischemia itself that produces a 
high burden of oxygen-derived free radicals with subse¬ 
quent cellular lipid membrane injury. 99 As renal function 
worsens, particularly when accompanied by intravascular 
volume depletion and renal failure, patients cannot excrete 
the high load of metabolites associated with muscle death, 
especially potassium. 

Myoglobin release occurs across a spectrum of physical 
injuries from moderate exercise to lethal crush injuries. 
Myoglobinemia was noted in 39% of a cohort of Marine 
recruits, illustrating the frequency of mild muscle cell necro¬ 
sis with strenuous exercise. 100 Obviously, not all such injuries 
lead to AKI. Beyond the actual amount of muscle necrosis, 
the development of AKI is most dependent on the degree 
of volume depletion present during the initial insult and the 
rapidity with which it is restored. Many of the syndromes 
that lead to the development of rhabdomyolysis, such as very 
strenuous exercise, crush injuries, or intoxications, are 
accompanied by volume depletion. 

CLINICAL PRESENTATION 

Patients with rhabdomyolysis present with a variety of symp¬ 
toms. Often there is a history of injury, weakness, or muscle 
pain. Dark red or brown urine may or may not be present, 
depending on the amount of muscle necrosis and delay 
from injury. Frequently, the history is limited because of 
altered sensorium; clues include unexplained acidosis, 
hyperkalemia, hyperuricemia, hypocalcemia, elevations in 
CK not consistent with myocardial infarction, and unex¬ 
plained renal failure. Recurrent presentations warrant an 
evaluation for a metabolic myopathy. 101 Screening for rhab¬ 
domyolysis, through serial CK measurements, maybe worth¬ 
while in high-risk obese patients (body mass index over 
56 kg/m 2 ) undergoing gastric bypass surgery. 102 

In most instances, serum CK will increase during the 
initial 48 hours of hospitalization. In a retrospective review 
of patients admitted to an ICU with rhabdomyolysis, defined 
as a CK greater than 10,000 U/L, significantly higher CK 
levels were associated with renal failure. 103 In the group with 
renal failure, the mean CKlevels were 47,194 and 55,366 U/L 
at admission and peak, respectively; in the group without 
renal failure, the same levels were 17,531 and 28,643 U/L. 

Although myoglobin is the most important protein in 
terms of nephrotoxicity, serum CK is routinely used in clini¬ 
cal practice as a marker of disease severity. This inconsis¬ 
tency is due to the widespread availability of the CK assay. 
Myoglobin clearance is not dependent on the kidneys and 
thus levels peak before CK levels. 1 Consequently, the CK 
levels being monitored for disease activity may not correlate 
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with the timing of the renal injury. AKI due to peak CK 
levels less than 5000 U/L should not be attributed to rhab- 
domyolysis unless the diagnosis was made substantially after 
the peak period of muscle cell necrosis; in this scenario, the 
CK levels will have decreased from a previously undocu¬ 
mented level. 

The change of serum Cr in nonrhabdomyolysis oliguric 
AKI is usually not more than 1 mg/dL/24 hours. In rhab- 
domyolysis, Cr enters the intravascular compartment at a 
higher rate due to cell lysis, yielding an unusually rapid rise 
in serum Cr. In an early report, Grossman and associates 
noted a rise in Cr frequently greater than 2.5 mg/dL/day. 105 
Speculation exists that this change in Cr may, in part, be 
due to the larger than average size in patients affected with 
rhabdomyolysis. 106 These same authors noted the impressive 
rate of renal recovery from rhabdomyolysis-induced AKI 
seen in the majority of patients; this high rate of recovery is 
now well recognized. 

SPECIFIC TREATMENT REQUIREMENTS 

The most important intervention to limit renal complica¬ 
tions of crush-related injuries is early and aggressive volume 
resuscitation. Delays in initiation of intravenous fluid are 
associated with a higher frequency of patients requiring 
renal replacement therapy. 10; The damaged muscle cells 
provide a large reservoir for fluid sequestration; as a result 
large volumes of intravenous fluids have to be given and, 
ideally, should be instituted as early as possible, even on-site 
before victims of crush injuries are freed. 78,108 A debate exists 
in the medical literature regarding the ideal type of volume 
resuscitation. As previously mentioned, alkaline diuresis has 
been shown in animal models to decrease the formation of 
myoglobin casts and subsequent AKI. 98 Similarly, mannitol 
is an agent favored for its proposed ability to scavenge free 
radicals and to reduce tissue swelling due to osmotically 
induced fluid removal from damaged muscle. 109,110 These 
treatments have not been validated in well-designed, pro¬ 
spective trials. Retrospective studies suggest no benefit with 
the addition of mannitol or alkaline diuresis over normal 
saline alone. 111 In addition, there are potential risks to 
volume expansion with bicarbonate-based solutions or man¬ 
nitol. They include the increased risk of calcium-phosphate 
complex formation and hypocalcemia from an increase in 
pH and the development of a hyperosmolar state when 
renal failure limits mannitol excretion. Finally, mannitol 
may increase the risk of renal failure in certain populations. 112 
Risk factors for mannitol-induced AKI include kidney dys¬ 
function, high-dose mannitol therapy, and use of cyclospo¬ 
rin A. In summary, volume expansion irrespective of the 
type of agent is the most important treatment modality. The 
focus on adequate diuresis is appropriate but presumes 
myoglobin-induced renal damage is ongoing. Intensivists 
often encounter patients whose myoglobin load is falling 
and whose renal insult has already occurred. Though the 
Cr may continue to rise, the onset of oliguria suggests 
limited benefit from further aggressive volume resuscita¬ 
tion, presuming adequate intravascular volume has been 
restored. In fact, given the good prognosis of AKI, overzeal- 
ous volume resuscitation risks pulmonary compromise. 

Historically, extremely aggressive volume resuscitation 
was pursued with an initial goal diuresis of up to 12 L/day, 


presuming intact renal function. Less aggressive volume 
resuscitation may be equally protective though data are 
lacking. The focus on diuresis downplays the importance of 
establishing and maintaining adequate intravascular volume. 
Central venous pressure or other means to monitor intra¬ 
vascular pressure may be more useful to determine ade¬ 
quate resuscitation. It is also likely that the rapidity with 
which volume status is restored, irrespective of the type 
or quantity of diuresis, is the key determininant. Unfortu¬ 
nately, these guidelines are poorly studied in a prospective 
format. 

In the setting of AKI requiring renal replacement therapy, 
the ideal modality is the one most easily accessible, assuming 
hemodynamic stability. Options include hemodialysis, peri¬ 
toneal dialysis, and continuous modalities. Though continu¬ 
ous renal replacement modalities provide the best theoretical 
protection from ongoing metabolic and volume complica¬ 
tions, its superiority has not been verified in rigorous trials. 
In cases associated with large-scale injuries such as earth¬ 
quakes, the remaining infrastructure often dictates which 
dialytic modality can and should be provided. 72113 Histori¬ 
cally, peritoneal dialysis has not been considered adequate 
in its ability to remove the large solute load present with 
rhabdomyo lysis. 114 Nonetheless, if it is the only available 
modality its potential role in managing rhabdomyolysis may 
be improved with more frequent exchanges. It should be 
noted that no traditional renal replacement method has 
the capability of removing myoglobin because of its size. 
However, considering the rapid extrarenal clearance of 
myoglobin it is unclear if therapy focused on myoglobin 
clearance will provide any superiority over current care. 
A novel approach recently evaluated the use of super 
high-flux (SHF) membranes to clear myoglobin during 
continous venovenous hemofiltration. 115110 The authors 
demonstrated a fivefold increase in myoglobin removal but 
did acknowledge the potential for the removal of albumin, 
clotting factors, and protein-bound medications. 

Hypocalcemia is common in rhabdomyolysis and may 
provide challenging management choices. Calcium entry 
into necrotic muscle cells often causes profound hypocalce¬ 
mia. Calcium supplementation should be reserved for those 
patients with symptomatic hypocalcemia as hypercalcemia 
is a frequent finding during disease recovery. 11 In addition, 
rapid increases in serum pH through the administration of 
intravenous bicarbonate may worsen hypocalcemia. Rasbu- 
ricase has been reported to reduce hyperuricemia in young 
patients with rhabdomyolysis. 118 

Additional issues include close monitoring for limb ische¬ 
mia due to compartment syndromes induced by muscle 
damage and subsequent fluid sequestration. Intracompart- 
mental pressure monitoring may predict the need for inter¬ 
vention though research has suggested additional factors, 
most importantly hypotension and the difference between 
mean arterial pressure and intracompartmental pressures, 
influence whether compartment syndrome develops. 119 The 
history, logic, and disappointing results of early and aggres¬ 
sive fasciotomy have recently been described. 120 Mannitol is 
postulated to “decompress” intracompartmental edema in 
acute muscle compartment syndromes. Animal data support 
an acute reduction in intracompartmental pressures 121 ; 
long-term tissue protection and human outcomes have 
not been validated. High-dose corticosteroids have been 
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proposed as a treatment option for refractory cases of rhab- 
domyolysis but prospective studies are lacking. 122 

In summary, rhabdomyolysis is a frequent, treatable dis¬ 
order. Extensive metabolic research has yielded a number 
of clues about the cause of AKI during rhabdomyolysis. 
Therapy should emphasize aggressive and early volume 
resuscitation. Renal replacement therapy may be necessary 
to assist in managing the metabolic complications of 
patients; patients have a good prognosis for recovery of 
rhabdomyolysis-induced AKI. 


KEY POINTS 


• Populations at risk for hypothermia include the elderly, 
people with preexisting chronic medical conditions, 
and people suffering from alcoholism and drug 
intoxication. Emerging populations include wilderness 
enthusiasts and winter sport participants. 

• All intervals —PR, QRS, and QT—are prolonged 
secondary to hypothermia-induced slowed impulse 
conduction through potassium channels. 

• Patients with moderate or severe hypothermia should 
be resuscitated until adequate rewarming is achieved 
before declaring efforts as unsuccessful. 

• The diagnosis of heatstroke should be considered in 
patients with core body temperatures greater than 
41°C. 

• Severe dehydration, anhidrosis, and extreme 
hyperpyrexia are common in external heatstroke. 

• Myocardial dysfunction with depression of left 
ventricular ejection fraction also has been described 
after heatstroke that resolves with treatment. 

• Acute renal failure occurs in up to one third of patients 
with heatstroke. 

• Intravascular volume restoration must be individual¬ 
ized. In general, patients with exertional hypothermia 
are severely hypovolemic. 

• The most effective approaches to lowering the core 
temperature are immersion and evaporative methods. 

• By far, the most important measure for MH is the 
immediate cessation of any suspected triggering 
agents. 

• NMS is characterized by muscle rigidity and altered 
mental status, followed by autonomic instability and 
hyperthermia. 

• Dopamine agonists such as bromocriptine, amanta¬ 
dine, and levodopa-carbidopa have been successfully 
employed in treating NMS. 

• Rhabdomyolysis is unlikely to occur with a creatine 
kinase level below 5000 U/L unless volume depletion 
or another kidney insult is present. 


KEY POINTS (Continued) 


• Aggressive volume resuscitation is more important 
than the type of volume replacement given to reduce 
the risk of myoglobin-induced AKI in cases of 
rhabdomyolysis. 

• Alkaline-based volume resuscitation may worsen 
hypocalcemia. 

• Rhabdomyolysis-associated AKI, including cases 
requiring renal replacement therapy, has a good 
prognosis. 
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